The potential for data collected in the public and private sector to be linked and used in research has led to increasing interest in public acceptability of data sharing and data linkage. The literature has identified a range of factors that are important for shaping public responses and in particular has noted that public support for research conducted through data linkage or data sharing is contingent on a number of conditions being met. In order to examine the relative importance of these conditions a Discrete Choice Experiment (DCE) was conducted via an online questionnaire among members of Ipsos MORI's online panel in Scotland. The survey was completed by 1,004 respondents. Overall the two most influential factors shaping respondents' preferences are: the type of data being linked; and, how profits are managed and shared. The type of data being linked is roughly twice as important as who the researchers are. There were slight differences across age groups and between genders and slight differences when comparing respondents with and without long term health conditions. The most notable differences between respondents were found when comparing respondents according to employment and working sector. This study provides much needed evidence regarding the relative importance of various conditions which may be essential for securing and sustaining public support for data-linkage in health research. This may be useful for indicating which factors to focus on in future public engagement and has important implications for the design and delivery of research and public engagement activities. The continuously evolving nature of the field means it will be necessary to revisit the key conditions for public support on an ongoing basis and to examine the contexts and circumstances in which these might change.
Introduction
Increasing amounts of health research are conducted through data-linkage, which is defined as: "the bringing together from two or more different sources, data that relate to the same individual, family, place or event" (1) . This has enabled many important new insights, relating to, among other things, examination of relationships between social factors and health or access to health services. The potential for data collected in the public and private sector to be linked and used in research has led to increasing interest in public acceptability of data sharing and data linkage practices (e.g. 2,3), leading to broad recognition of the importance of public engagement both for understanding public preferences and concerns and for developing socially acceptable and ethically robust research and governance processes (2, 4) . Recent highly publicised controversies over data use in research, such as with national data records systems in England (5) and Australia (6) have drawn attention to the importance of ensuring public support for the ways that data are used. Thus, there is increasing attention to public acceptability of secondary uses of data and to ensuring that these uses are understood and supported by the wider public in order to develop and maintain a social license for data linkage in health research (6) .
This has resulted in a growing body of evidence highlighting a range of factors shaping public views on data linkage for research purposes and public preferences for how this happens. Studies have explored public attitudes towards secondary uses of data, often focussing on issues relating to the anonymisation of data or (lack of) consent mechanisms (7 -12) . Additionally, the literature is increasingly emphasising the importance of trust in shaping public attitudes (3, 7, 13 -15) . A recent systematic review and thematic synthesis of qualitative studies (4) found that there is widespread support for data linkage and data sharing in health research but that this support is never unconditional and depends on a range of considerations. The review identified key factors influencing public attitudes including what data are used in research, who the researchers are, whether there is commercial/private sector involvement and to what extent or in what ways the research has public benefits. However, it noted that the extant literature does not "point to clear relationships or hierarchies between particular areas of concern or conditions for support and there is a lack of evidence relating to the ways in which trade-offs might be made or how preferences would be formed in reality" (4) . While a range of factors are known to influence public responses to data-linkage, and a number of conditions underpin public support it is unclear which are most important or which ought to be prioritised in developing publically acceptable systems and processes for data-linkage research.
In order to examine the relative importance of factors influencing public preferences a Discrete Choice Experiment (DCE) was conducted. DCEs provide a means to understand choices people make between different fixed options -in this case options around the sharing and linkage of personal information for research purposes -and, more specifically, to establish the relative importance of different factors and considerations that constitute each option. The approach provides an alternative to simple ranking exercises in which people are asked to rate uni-dimensional options in order of preference. DCEs more accurately reflect 'real world' choices people face by inviting them to pick between multidimensional scenarios, some aspects of which they may favour and others of which they may not. DCE analysis has its origin in market research, where it was originally used to identify factors influencing demand for different products, however it has come to be used in a wide range of research areas including public health and health care (e.g. 16, 17) .
In a DCE, scenarios are devised comprising a number of attributes and levels. Attributes are the main variables of the scenarios (e.g. the type of data being shared, the researchers doing the sharing etc.). Levels are the variants of each attribute (e.g. for the researchers doing the research, levels include 'only university researchers' and 'only university researchers or NHS staff). Research participants are randomly assigned a scenario pack, comprising multiple pairs of scenarios and, from each pair, they are asked to pick the scenario they most prefer. Aggregate analysis of participants' preferences across the various pairs provides a measure of the relative importance of different attributes and levels in influencing people's preferences.
Objectives
This study had the following objectives:
1. To understand the relative importance of previously identified key factors in shaping public preferences for the ways that data are linked and used in health research;
2. To identify the relative importance of key factors in shaping public preferences of different groups (i.e. according to socio-demographic variables).
Methods
The DCE was conducted via an online questionnaire among members of Ipsos MORI's online panel in Scotland. This panel is made up of 238,577 members of the public across the UK including around 18,000 in Scotland from which the participants would be invited. The questionnaire was co-designed by the University of Edinburgh and Ipsos MORI, and was informed by previous qualitative research on public attitudes to data linkage.
The questionnaire comprised four main sections: 1) A page of narrative introducing the concepts of data sharing and linkage, including the reason it might be done and a statement that only anonymised personal data are used; 2) a set of introductory questions in which the different attributes (and associated levels) were introduced to participants one at a time as a 'warm up' to the DCE; 3) The DCE itself; and 4) a small number of questions to collect socio-demographic information on participants. In order to allow a focus on the conditions known to underpin public support for data-linkage in health research, in each question contained in section two any respondents who said they felt data linkage should not be permitted under any circumstances were routed out of the survey. Routing out respondents who stated they did not approve of data linkage in any circumstance was done to improve the quality of the data obtained through the discrete choice experiment: by ensuring we were only asking those who did not fundamentally object to data linkage, the different choices between different attributes and levels were more representative of what people would prioritise in that situation. If we included those who did not approve of it under any circumstances, the difference between the levels and attributes would matter less, as they were opposed to the whole idea of data linkage. More people would have chosen 'neither of these is acceptable to me' which would have reduced the overall significance of each attribute in the experiment. Moreover, previous qualitative and deliberative research has demonstrated that there is widespread conditional support for data linkage in research and that members of the public come to express quite nuanced views as they engage in discussion of the issues (2, 4, 13). We were therefore interested to explore further the nuances of public preferences and the relative importance of various conditions underpinning this conditional support, as this will be useful in developing good governance in the future. In short, by ensuring our population was comprised of people who did not state that they were not fundamentally opposed to data linkage at the outset, the final dataset was more likely to provide accurate information about the nuanced attitudes to data linkage and the conditions necessary for maintaining public support.
The discrete choice module of the questionnaire was developed from themes identified through previous qualitative research and public engagement work. This identified the relevant attributes to include in the DCE. Public engagement, including discussions with the Scottish public panel associated with the Farr Institute of Health Informatics Research was valuable for refining the questionnaire and developing the discrete choice module. The final discrete choice module comprised five attributes: who the researcher would be accessing linked data; the types of information being linked; the purpose of the research; options for profit making as a result of the research; and who would oversee the research. For each attribute there were four levels (See Table 1 ). A total of 240 different scenario pairs were developed from the attributes and levels, and 20 scenario packs were created to present to participants, each comprising 12 pairs of scenarios. Table 2 shows an example of two scenarios respondents were asked to choose between.
The questionnaire was piloted through cognitive testing among 20 randomly selected members of the public. A hall test approach was used whereby members of the public were Information from your NHS health records being linked with information from your social care, education, employment, and benefits records, as well as information collected about you in the private sector (e.g. through online shopping accounts).
Purpose
Research using linked information should only be conducted if it will have direct benefits for the people whose information is being used.
Research using linked information should only be conducted if it will have general public benefits.
Research using linked information should be allowed for any reason.
Profit-Making Nobody should be allowed to profit from research carried out using linked information.
Any profit made from research carried out using linked information should be shared with the public.
Any profit made from research carried out using linked information should be invested into public services.
Any profit made from research carried out using linked information should be kept by those carrying out the research.
Oversight
The process should be overseen by a nongovernmental independent body.
The process should be overseen by the relevant public service(s); for example, research that uses information from people's health records should be overseen by the NHS.
The process should be overseen by the Scottish Government.
The process should be overseen by the organisations undertaking the research. The researchers are:
Only university researchers.
Only university researchers, NHS staff or government researchers.
The type of data being linked: N.B. All data would be anonymous
Information from your GP records being linked with information from your other NHS health records (e.g. hospital records).
Information from your NHS health records being linked with information from your social care, education records or from your employment and benefits records.
The purpose of the research:
Profit-Making: Any profit made from research carried out using linked information should be invested into public services.
Oversight:
I prefer this scenario l I prefer this scenario l
Neither scenario is acceptable to me l recruited on the street and brought into a building to one of two rooms which were set up with the questionnaire on a computer. Cognitive testing is a valuable method for ensuring that a questionnaire is accessible and easily understood by respondents and to understand how people from different perspectives and backgrounds interact with the questionnaire (18) . In our pilot a member of the research team sat with respondents while they completed the questionnaire on a computer. After each section of the questionnaire respondents were asked for their reflections on it (e.g. was it clear what they we were meant to do, were the questions clear, how easy was it to choose their answer). The aim of the pilot was to ensure respondents understood the instructions and the language used in the questionnaire and to test how they interacted with the survey and how long they took to complete it. In light of the pilot findings, minor changes were made to the ordering and wording of some questions for improved clarity. Additionally, the number of pairs of scenarios in each scenario pack was reduced from 12 to six to reduce the likelihood of respondent fatigue; a degree of which was evident during the cognitive testing.
The target number of interviews for the main stage survey was 1,000. A total of 13,275 members of the Ipsos MORI panel in Scotland were invited (via an email invitation) to take part, with quotas set on age, gender and working status with the aim of ensuring a sample that was representative of the Scottish population. Survey invites were sent in batches until the desired quotas were met. This was done both to make efficient use of the (limited) panel and also to reduce the likelihood of panellists trying to enter a survey, only to find it has been closed and becoming frustrated as a result.
The survey was launched on August 12th 2016 and was live for a period of 14 days. In total, 1,004 respondents completed the full survey. An additional 461 began the survey but were routed out at the introductory questions because they stated that data linkage was unacceptable under any conditions.
The survey data was weighted by sex, age and working status, using 2011 Census data. The data was analysed using a logit modelling technique to identify the underlying utility for each level of each attribute. Values were selected using maximum likelihood estimation, and this was run separately for each subgroup. The relative importance of each attribute is determined by comparing the ranges of utility (maximumminimum) for each attribute, and calculating a simple share of the total of these ranges. This can then be interpreted as an estimate of the relative share of variation in choices which is explained by each attribute. In addition, a Hierarchical Bayesian method was used (in addition to the aggregate model) to provide respondent-level utility estimates, thus providing a measure of the variation in estimates and the consequent reliability. The determination of the importance of attributes and the various levels that attributes can take, is made by estimating underlying utilities for each level of each attribute. The estimation process is Bayesian, and includes estimates at respondent level. We have quoted an average value across all respondents as the best estimate of each parameter. The reliability in that estimate can be measured by considering the variation in the variable based on the variation across the respondents. We estimated both mean and variation for each parameter, and these values can be (and have been) used to determine confidence intervals or significance testing. When testing the difference between two levels of an attribute, we have considered the differences, as it would be wrong to treat the two levels as independent variables.
Results

Responses to initial questions
The first question asked respondents for their preferences regarding the purpose of data linkage. By far the most common response was: "Research using linked information should only be used if it will have general public benefits". This option was chosen by 57 per cent of respondents. The responses to this question resonate with previous studies which have highlighted the importance of public benefits for public acceptability of data-linkage research (4).
The second question asked which types of researchers respondents felt comfortable with having access to anonymised linked data. Here the most common answer was: "Only university researchers, NHS staff or government researchers" which was chosen by 31 per cent of respondents. The responses to this question largely reflect the findings of previous research which have shown greater support for public sector uses of data compared to private sector uses (4) .
Question three asked which types of information respondents would be happy with being linked for research purposes. The responses to this question suggest that respondents may have been uneasy with cross-sectoral data-linkage and that there was a preference for research to be conducted using solely health data. Almost half (48 per cent) of respondents chose: "Information from your GP records being linked with information from your other NHS health records (e.g. hospital records)".
Question four asked for respondents' preferences for the ways in which potential profits arising from research might be managed. The majority of respondents (62 per cent) chose: "Any profit made from research carried out using linked information should be invested into public services". Only 8 per cent chose "Any profit made from research carried out using linked information should be kept by those carrying out the research".
Question five asked for respondents preferences on how data linkage processes are overseen or monitored. 35 per cent of respondents chose "The process should be overseen by another [non-governmental] independent body" and a similar number (32 per cent) chose "The process should be overseen by the relevant public service(s); for example, research that uses information from people's health records should be overseen by the NHS". Just 6 per cent chose "The process should be overseen by the organisations undertaking the research".
As noted above, each question included an option to answer "Research using linked information should not be allowed under any circumstances", respondents who selected this answer were not asked to undertake the DCE. As a result a total of 457 respondents were routed out of the DCE. A summary of these respondents including their age and gender and the questions at which they were routed out is given in table four. The two questions which had the most respondents selecting this response related to the type of information that is linked and how profits are managed. Roughly half of respondents routed 
Responses to the DCE
While the initial questions provided insights into public preferences on each of the key considerations, the DCE enabled an exploration of the relative influence of each of the variables on overall preferences and acceptability of data linkage arrangements. Unsurprisingly, overall the preferred scenario reflected each of the preferred options from the first round of questions (as outlined in Table 5 ). In this scenario research was conducted only by university researchers or NHS staff and only with health data. The research must lead to public benefits and any profits arising should be invested into public services. Finally, the process should be overseen by a non-governmental independent body.
The least preferred option (as outlined in Table 5 ), included the largest number of possible researchers as well as the widest range of types of data being linked. It also had no restrictions on the purpose of research and allowed for any profits arising to be kept by the researchers. In this scenario the processes were overseen by the organisations undertaking the research.
Given the responses to the initial questions, the most and least preferred scenarios are not surprising. What is more interesting to consider is the range of different possibilities and combinations of variables in between. The range of choices made through the DCE enables an examination of the relative importance of each of the variables in shaping public preferences. The relative importance of one attribute against another is derived from the difference between the utilities for the "best" and "worst" level within each attribute -i.e. if there is a large difference between the most and least desirable level within an attribute, it implies that that attribute is a driving factor in people's scenario decisions. Conversely, if there is a low difference between the two, it implies the attribute is less of an important factor in overall scenario decision making. 
Differences according to key demographic variables
As has been noted previously (4), it is important to recognise that within the public there will be a range of views and perspectives and that demographic as well as social and experiential factors are likely to be important for shaping public preferences. For this reason our analysis sought to examine the relative importance of the various attributes for different groups within our sample. In doing so we focussed on four key variables: Age; Gender; Working Status and; Long-term health conditions.
Age
Previous research on attitudes or preferences relating to data linkage or data sharing has presented varying and, at times, contradictory findings regarding differences across age groups (4) . This has pointed to the need for greater research to explore the variations in perceptions and opinions across age groups. The type of data being linked: Information from your GP records being linked with information from your other NHS health records (e.g. hospital records).
Information from your NHS health records being linked with information from your social care, education, employment, and benefits records, as well as information collected about you in the private sector (e.g. through online shopping accounts).
The purpose of the research: Research using linked information should only be conducted if it will have general public benefits.
Oversight:
The process should be overseen by the organisations undertaking the research. As shown in figure 2, in this DCE there was very little difference in the relative importance of attributes across the three age groups examined. However, the one area where a difference was identified relates to who the researchers are. Concern with this factor lessens as the age range increases (19.2 per cent for age 18-34, 16.2 per cent for age 35-54 and 15.5 per cent for age 55 plus).
Gender
As shown in figure 3 , the findings of the DCE are largely consistent between male and female respondents. However, male respondents were slightly more concerned with oversight arrangements while female respondents were slightly more concerned with the type of information being linked.
Working status
Examining the responses of respondents who are in full time work compared to those who are not revealed interesting differences. As shown in figure 4 , respondents who were not working full time were more concerned with oversight arrangements and the type of information being linked, compared to those who were working full-time. Those working full-time were less concerned with oversight arrangements and more concerned with the purpose of data-linkage, who the researchers were and how profits were managed/shared.
In order to understand to what extent professional experience relevant to the subject of the DCE impacted on preferences, we identified a number of key working sectors. These were:
• Human health/social work activities;
• Government/public administration/social security;
• Financial/insurance activities;
• Information technology;
• Research
Additionally, all respondents who had stated that they were in employment (full or part-time) were asked: "In your line of work, are you involved in handling or managing data, or in data security?" All respondents who worked in one of the key sectors or who answered yes to this screening question were included in a sub-group identified as "Working in Key Sector". As illustrated in figure 5 , there were notable differences in the relative importance of attributes when comparing individuals "Working in key sectors" with those who were working in non-key sector areas. Those working in key sectors were more concerned with oversight arrangements (16 per cent, compared with 7.7 per cent for non-key sector respondents) and the purpose of data linkage (21.7 per cent, compared to 16.9 per cent for non-key sector respondents). Those not working in key sectors were more concerned with who the researchers were (18.9 per cent, compared to 12.1 per cent for key sector workers) and what information was being linked (29.7 per cent, compared to 25.1 per cent for key sector workers). There was little difference between the two groups in relation to management/sharing of profits.
Long term health conditions
Previous research has suggested that individuals with long term health conditions may be more supportive of health related research (e.g. 12). Therefore, a question was included to identify individuals with long-term health conditions. Respondents were asked: "Do you have any physical or mental health condition or illness lasting or expected to last 12 months or more?" Respondents who answered yes to this question were included in the sub-group "with long-term health condition". As illustrated in figure 6 , respondents with long-term health conditions were slightly less concerned with arrangements for managing/sharing profits (20.3 per cent, compared with 24.9 per cent for respondents with no long-term health condition) and slightly more concerned with oversight mechanisms (14.8 per cent, compared with 11.4 per cent for those with no longterm health condition). Respondents with long-term health conditions were also slightly less concerned with the purpose of research (16.9 per cent compared with 18.5 per cent for those with no long term health conditions).
Discussion
Discrete Choice Experiments remain a novel method in the context of data linkage preferences. In the pilot, we found that the unfamiliarity of this method led to both positive and negative responses. Some respondents clearly enjoyed the exercise and approached it with curiosity and a sense of fun, while others approached it with hesitancy and were unsure of its purpose. Nevertheless, response rates were good and the target sample was achieved without difficulty, indicating that while respondents may have been unfamiliar with the method it did not put them off completing the questionnaire. Indeed, in our pilot respondents tended to become more confident as they progressed through the scenario choices.
Nevertheless, as noted above, 461 respondents were routed out of the survey before the DCE element due to choosing an answer in Section 3 of the questionnaire which stated that data linkage for research was unacceptable under any circumstances. Respondents did not know that selecting such an option would have ended the questionnaire and so there is no evidence that such options were chosen as a way of avoiding completing the questionnaire, but instead indicate a substantial proportion of respondents who seemed to have significant concerns about data linkage for research. It is therefore important to consider which questions appeared to have raised most concerns.
The numbers of people choosing "Research using linked information should not be allowed under any circumstances" at each of the questions in Section 3 are listed below. The most contentious questions related to the types of information being linked and the potential for profits to be created through research, and (to a slightly lesser extent) to who the researchers would be. It is noteworthy that a relatively small number of respondents (67) stated that "Research using linked information should not be allowed under any circumstances" at question one. This suggests that there was not outright opposition to data linkage and that the purpose of research may be important for public acceptability (or avoiding public opposition), something reinforced by our qualitative work. In particular the inclusion of options that stressed research would only be done if it would have benefits for individuals or the wider public may have been important here. Conversely, for a significant number of individuals the options available in relation to limits on the types of information that could be linked, or how potential profits would be managed were unsatisfactory to address their concerns. The type of information appears to have been most concerning for male respondents (71 per cent of respondents routed out at this question were male). The management of profits appears to have been most concerning for older participants (48 per cent of respondents routed out at this question were aged 55 or over, compared to 19 per cent aged 18 -34). In some cases it may have been the acknowledgement that profits could be made from this research which raised concerns, as previous research has shown (2, 3) . However, our data does not enable clear identification of respondents' reasoning. This would be a worthwhile area to explore in future research.
Combining the DCE with more traditional questionnaire questions enabled firstly insights into public preferences for each of the variables and then secondly an in-depth examination of how these variables relate to one another and their relative importance in shaping overall preferences and public acceptability. This represents the principal contribution of the study since while there is a growing body of literature evidencing a range of factors that influence public responses to data linkage these have largely not been able to indicate the relative significance of each of these factors or how they would be combined and/or traded off in practice. By examining the relative importance of each of the variables considered in our DCE we have been able to rank them in accordance with the extent to which they influence respondents' preferences for data linkage scenarios. This has highlighted that overall the two most influential factors shaping respondents' preferences are: the type of data being linked; and, how profits are managed and shared. The type of data being linked is roughly twice as important as who the researchers are.
It is important to note differences within our sample. There were slight differences across age groups (concern with who the researchers are lessened as the age range increased) and between genders (male respondents were slightly more concerned with oversight arrangements while female respondents were slightly more concerned with the type of information being linked). We also found slight differences when comparing respondents with and without long term health conditions. However, the most notable differences were observed in looking at differences in employment and working sector. Respondents who were not working full time were more concerned with oversight arrangements and the type of information being linked, compared to those who were working full-time. Those working full-time were less concerned with oversight arrangements and more concerned with the purpose of datalinkage, who the researchers were and how profits were managed/shared. Moreover, the biggest variations were found when looking at respondents working in identified key sectors. These respondents were more concerned with oversight arrangements and the purpose of data linkage compared to other respondents. This is likely to be a result of these respon- Figure 6 : Relative Importance of Attributes for Respondents with and without Long-Term Health Conditions dents' experience or knowledge of data management/security or research practices. These differences suggest that individuals' experiences and expertise may be important for shaping preferences.
Throughout the DCE it was stressed that data linked and used for research would always be anonymous and that individuals would not be identified. In the pilot phase respondents commented that this had been an important consideration and in a number of instances it was stated that this assurance was the reason they did not select "Research using linked information should not be allowed under any circumstances" in the initial round of questions. Previous research has noted the importance of anonymization for public acceptability of secondary uses of data. However, anonymization is not straightforward and guarantees of absolute anonymity are often not possible. Therefore, consideration is paid to the ways in which individuals' confidentiality might be protected without perfect anonymization of data (4) . Including a range of options relating to degrees of anonymization/pseudo-anonymisation or other mechanisms for protecting confidentiality may well have had a significant impact on responses to the questionnaire and DCE and future research might helpfully do this.
Study Limitations
Given that the study was conducted with an online panel of members of the public who have signed up to take part in research questionnaires some limitations should be noted. In particular, respondents will all have had a reasonable level of confidence in using IT and the internet. It may be that individuals who are less confident using such technology would express different preferences. Similarly, since the respondents are all members of the panel and have expressed a willingness to take part in research surveys they may be more likely to be supportive of research than the wider general public. The DCE method could not accommodate those who expressed opposition to data linkage without compromising data quality. Further research would be required to explore those views and any scope for identifying mechanisms for acceptability.
Conclusions
As ever-increasing amounts of data are collected and become available, and as there is continuous innovation in the ways that these data can be used, the importance of developing and maintaining a social license for health research conducted through data linkage becomes ever more prescient. Recent years have witnessed increasing interest in public acceptability of secondary uses of data, particularly for research, and a growing emphasis on public engagement as an important means through which to understand public preferences for the ways in which data are used in research. While previous research has indicated that there is widespread conditional support for data linkage in research and identified a range of conditions underpinning this support, the DCE has enabled insights into the relevant importance of each of these. This may be useful for indicating which factors to focus on in future public engagement and has important implications for the design and delivery of research and public engagement activities. This study has indicated that there is public support for the linking of health data and use by university and health service researchers without private sector involvement and with independent oversight. The policy challenge going forward is how to work with publics to extend that mandate given the increasing interest in and drive towards linking other kinds of data (from both the public and private sector) and the variety of ways that private sector actors are involved in research (e.g. as funders, collaborators or research partners). The continuously evolving nature of the field means it will be necessary to revisit the key conditions for public support on an ongoing basis and to examine the contexts and circumstances in which these might change in order to maintain a social license for current and future research practices. In particular, considering the terms under which private sector involvement might be acceptable will be an area of particular interest.
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